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SUBSTRATE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority under 35
US.C. § 119 to U.S. Patent Application No. 62/989,515,
filed on Mar. 13, 2020, in the United States Patents and
Trademark Office, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND
1. Field

One or more embodiments relate to a substrate processing
apparatus, and more particularly, to a substrate processing
apparatus capable of removing signal interference between
reactors.

2. Description of the Related Art

A substrate processing apparatus including a plurality of
reactors in one chamber has the advantage of improving the
precise control for an individual substrate and hourly pro-
ductivity. Such a substrate processing apparatus includes a
gas supply device for supplying a reaction gas to each
reactor and an RF power supply device for supplying RF
power to each reactor for a plasma process. The RF power
supply includes an RF power generator and a matching
network connected to each reactor.

For example, a substrate processing apparatus including
four reactors may include four RF power generators and four
matching networks connected to the reactors, respectively.
RF power generated by the RF power generator during
substrate processing is supplied to a reaction space of each
reactor through a matching network and an RF rod. The RF
power supplied into the reaction space activates gas in the
reaction space, and the substrate is processed by supplying
the activated gas to the substrate. However, some of the RF
power may not be supplied into the reaction space, but may
leak through another portion of the reactor, causing RF
interference to affect other adjacent reactors. In other words,
interference noise occurs in a peak-to-peak voltage (Vpp) of
the supplied RF power. As a result, the uniformity of plasma
generated in the reaction space of each reactor and the
uniformity of the process are deteriorated. This problem is
also mentioned in Korea Patent Publication No. 10-2009-
0086790.

SUMMARY

One or more embodiments include a substrate processing
apparatus capable of preventing unstable mismatching due
to RF frequency interference during reaction in a chamber
equipped with a plurality of reactors.

One or more embodiments include a substrate processing
apparatus capable of stably maintaining a peak-to-peak
voltage (Vpp) of power without frequency interference from
adjacent reactors.

One or more embodiments include a substrate processing
apparatus capable of achieving a stable plasma process by
blocking frequency interference of power (especially RF
power) supplied to a reactor.

Additional aspects will be set forth in part in the descrip-
tion which follows and, in part, will be apparent from the
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description, or may be learned by practice of the presented
embodiments of the disclosure.

According to one or more embodiments, a substrate
processing apparatus includes a first reactor, a second reac-
tor adjacent to the first reactor, and a power generator
configured to supply first power to the first reactor and
supply second power to the second reactor, wherein the
power generator may be further configured to synchronize
phases of the first power and the second power.

According to an example of the substrate processing
apparatus, the power generator may include a signal gen-
erator configured to generate a first signal and a second
signal that are phase synchronized, a first power generating
portion configured to generate the first power based on the
first signal, and a second power generating portion config-
ured to generate the second power based on the second
signal.

According to another example of the substrate processing
apparatus, the first power generating portion and the second
power generating portion may be arranged symmetrically
with respect to the signal generator.

According to another example of the substrate processing
apparatus, the substrate processing apparatus may further
include a first power transmission line connecting the signal
generator to the first power generating portion, and a second
power transmission line connecting the signal generator to
the second power generating portion, wherein a length of the
first power transmission line and a length of the second
power transmission line may be the same.

According to another example of the substrate processing
apparatus, the signal generator may include a splitter con-
figured to generate a first RF signal and a second RF signal
from a single RF signal, wherein the phase-synchronized
first signal and the second signal may be generated by
adjusting a phase of at least one of the first RF signal and the
second RF signal.

According to another example of the substrate processing
apparatus, the substrate processing apparatus may further
include a comparator configured to compare a first phase of
the first RF signal with a second phase of the second RF
signal, and the splitter may be further configured to adjust
the phase of at least one of the first RF signal and the second
RF signal based on a comparison result of the comparator.

According to another example of the substrate processing
apparatus, at least one of the first power generating portion
and the second power generating portion may include at
least one amplifier configured to amplify a signal output
from the signal generator to output an amplified signal.

According to another example of the substrate processing
apparatus, a phase of a signal output from the signal gen-
erator may be compared with a phase of the amplified signal,
and the phase of the amplified signal may be adjusted
according to a comparison result.

According to another example of the substrate processing
apparatus, at least one of the first power generating portion
and the second power generating portion may include a first
amplifier configured to amplify a signal output from the
signal generator and output a first amplified signal, a second
amplifier configured to amplify a signal output from the
signal generator and output a second amplified signal, and a
combiner configured to combine the first amplified signal
and the second amplified signal to generate an output signal.

According to another example of the substrate processing
apparatus, the substrate processing apparatus may further
include a controller configured to compare a phase of a
signal output from the signal generator with a phase of an



US 12,183,546 B2

3

output signal amplified by the amplifier and to transmit a
comparison result to the combiner.

According to another example of the substrate processing
apparatus, the combiner may be configured to receive the
comparison result from the controller to change a phase of
at least one of the first amplified signal and the second
amplified signal.

According to another example of the substrate processing
apparatus, the combiner may be configured to receive the
comparison result from the controller to change a phase of
the output signal.

According to another example of the substrate processing
apparatus, the substrate processing apparatus may further
include a controller configured to compare the output signal
with a target power value and transmit a comparison result
to at least one of the first amplifier and the second amplifier.

According to another example of the substrate processing
apparatus, at least one of the first amplifier and the second
amplifier may be further configured to receive the compari-
son result from the controller and adjust a gain.

According to another example of the substrate processing
apparatus, the substrate processing apparatus may further
include a first matching network connected between the
power generator and the first reactor, and a second matching
network connected between the power generator and the
second reactor, wherein the first matching network and the
second matching network may be arranged symmetrically
with respect to the power generator.

According to another example of the substrate processing
apparatus, the substrate processing apparatus may further
include a first power supply line connecting the power
generator to the first matching network, and a second power
supply line connecting the power generator to the second
matching network, wherein a length of the first power supply
line and a length of the second power supply line may be the
same.

According to another example of the substrate processing
apparatus, the first reactor may include a first processing unit
and a first substrate support unit, the second reactor may
include a second processing unit and a second substrate
support unit, and the substrate processing apparatus may
further include a support portion configured to support at
least a portion of the first reactor and at least a portion of the
second reactor. The support portion may be capacitively
coupled with at least one of the first processing unit and the
first substrate support unit, and may also be capacitively
coupled with at least one of the second processing unit and
the second substrate support unit.

According to another example of the substrate processing
apparatus, each of the first substrate support unit and the
second substrate support unit may include a ceramic heating
block.

According to one or more embodiments, a substrate
processing apparatus includes a power generator, a plurality
of matching networks arranged symmetrically with respect
to the power generator, a plurality of reactors connected to
the plurality of matching networks, and a plurality of power
supply lines connecting the plurality of matching networks
to the power generator and having the same length as each
other, wherein the power generator is configured to output a
plurality of phase-synchronized powers to the plurality of
matching networks, and the plurality of phase-synchronized
powers may be transmitted to the plurality of reactors in a
phase-synchronized manner through the plurality of power
supply lines and the plurality of matching networks.

According to one or more embodiments, a substrate
processing apparatus includes a single signal generator
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configured to output a single signal, a splitter configured to
generate a first signal and a second signal from the single
signal, a comparator configured to compare a first phase of
the first signal with a second phase of the second signal, a
first amplifier configured to amplify the first signal and
output a first amplified signal, a second amplifier configured
to amplify the first signal and output a second amplified
signal, a first combiner configured to combine the first
amplified signal and the second amplified signal to generate
a first output signal, a third amplifier configured to amplify
the second signal and output a third amplified signal, a
fourth amplifier configured to amplify the second signal and
output a fourth amplified signal, a second combiner config-
ured to combine the third amplified signal and the fourth
amplified signal to generate a second output signal, a first
matching network configured to receive the first output
signal, and a second matching network configured to receive
the second output signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the disclosure will be more apparent
from the following description taken in conjunction with the
accompanying drawings, in which:

FIGS. 1 and 2 are views of a substrate processing appa-
ratus according to embodiments of the inventive concept;

FIGS. 3 to 5 are views of a substrate processing apparatus
according to embodiments of the inventive concept;

FIG. 6 is a view of a substrate processing apparatus
according to embodiments of the inventive concept;

FIG. 7 is a detailed view of a signal generator of a power
generator of a substrate processing apparatus according to
the embodiments of FIG. 6;

FIG. 8 is a detailed view of a power generating portion of
a power generator of a substrate processing apparatus
according to the embodiments of FIG. 6;

FIGS. 9 and 10 are views of a substrate processing
apparatus according to embodiments of the inventive con-
cept;

FIGS. 11A and 11B are views of a substrate processing
apparatus for supplying individual power from a separate
power generator installed for each reactor, and show a case
where RF power is supplied to one of four reactors (FIG.
11A) and a case where RF power is supplied to three of the
four reactors (FIG. 11B);

FIG. 12 is a view illustrating power leakage occurring in
an open reactor;

FIG. 13 is a view of a substrate processing apparatus
according to embodiments of the inventive concept, and
FIG. 14 is schematic view of FIG. 13;

FIGS. 15A and 15B are views illustrating whether inter-
ference noise (Vpp noise) occurs when RF power is trans-
mitted to each reactor by using an existing RF power supply
device or by using an RF power supply device according to
embodiments of the inventive concept;

FIG. 16 is a view of a schematic structure of an RF power
supply device of FIG. 14;

FIG. 17 is a view illustrating a state in which an RF power
supply device according to embodiments of the inventive
concept is arranged in a substrate processing apparatus
including a plurality of reactors; and

FIGS. 18A and 18B are graphs comparing RF forward
power, RF reflect power, and corresponding interference
noise (Vpp noise) generated during a plasma process using
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a conventional RF power supply device and an RF power
supply device according to embodiments of the inventive
concept.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
description. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

Hereinafter, embodiments of the disclosure will be
described in detail with reference to the accompanying
drawings.

In this regard, the present embodiments may have differ-
ent forms and should not be construed as being limited to the
descriptions set forth herein. Rather, these embodiments are
provided so that the present disclosure will be thorough and
complete, and will fully convey the scope of the present
disclosure to one of ordinary skill in the art.

The terminology used herein is for the purpose of describ-
ing particular embodiments and is not intended to limit the
disclosure. As used herein, the singular forms “a”, “an”, and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “includes™, “comprises” and/or
“including”, “comprising” used herein specify the presence
of stated features, integers, steps, processes, members, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, processes, members, components, and/or groups
thereof. As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various members,
components, regions, layers, and/or sections, these mem-
bers, components, regions, layers, and/or sections should not
be limited by these terms. These terms do not denote any
order, quantity, or importance, but rather are only used to
distinguish one component, region, layer, and/or section
from another component, region, layer, and/or section. Thus,
a first member, component, region, layer, or section dis-
cussed below could be termed a second member, compo-
nent, region, layer, or section without departing from the
teachings of embodiments.

Embodiments of the disclosure will be described herein-
after with reference to the drawings in which embodiments
of the disclosure are schematically illustrated. In the draw-
ings, variations from the illustrated shapes may be expected
as a result of, for example, manufacturing techniques and/or
tolerances. Thus, the embodiments of the disclosure should
not be construed as being limited to the particular shapes of
regions illustrated herein but may include deviations in
shapes that result, for example, from manufacturing pro-
cesses.

FIGS. 1 and 2 are views of a substrate processing appa-
ratus according to embodiments of the inventive concept.
FIG. 1 shows a substrate processing apparatus and a portion
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(cross section of a portion where an opening of an exhaust
unit 120 is not formed) of the substrate processing apparatus.
FIG. 2 shows a substrate processing apparatus and another
portion (cross section of a portion where an opening OP of
the exhaust unit 120 is formed) of the substrate processing
apparatus. The opening OP may be an exhaust port.

Referring to FIGS. 1 and 2, the substrate processing
apparatus may include a plurality of reactors. Each reactor
may include a partition 100, a substrate support unit 150, a
processing unit 110, and an exhaust unit 120. Each reactor
may include a reaction space 51 and an exhaust space 55
connected to the reaction space 51.

The partition 100 is a chamber for receiving the substrate
support unit 150, which may also be referred to as a chamber
body. In an embodiment, a reactor including the reaction
space 51 is referred to as an inner chamber, and the entire
structure of the substrate processing apparatus surrounding
a plurality of reactors (e.g., four reactors, see FIG. 9) may be
referred to as an outer chamber. An exhaust line 18 may be
provided in the partition 100. In some embodiments, the
exhaust line 18 may be formed to extend along the inside of
a side wall of the partition 100. In an embodiment, the
substrate processing apparatus includes a first surface and a
second surface adjacent to the first surface, and the exhaust
line 18 may extend along an edge between the first surface
and the second surface. In additional embodiments, the
exhaust line 18 may be formed to extend along the inside of
a lower wall of the partition 100.

The processing unit 110 may be located above the sub-
strate support unit 150 configured to support a substrate. The
reaction space 51 may be defined between the substrate
support unit 150 and the processing unit 110. The processing
unit 110 may serve as a first lid that defines an upper surface
of the reaction space 51. In other words, the first lid above
the substrate support unit may include at least one process-
ing unit 110.

The processing unit 110 may include members that per-
form appropriate functions depending on a function of the
substrate processing apparatus. For example, when a sub-
strate processing apparatus performs a deposition function,
the processing unit 110 may include a reactant supplier (e.g.,
a showerhead assembly). In another embodiment, when the
reactor performs a polishing function, the processing unit
110 may include a polishing pad.

The processing unit 110 may be a conductor and may be
used as an electrode for generating plasma. That is, the
processing unit 110 may serve as an electrode for generating
plasma. The processing unit 110 in this manner (the manner
in which the processing unit 110 is used as an electrode) is
hereinafter referred to as a gas supply electrode.

The substrate support unit 150 may be configured to
provide an area where an object to be processed (not shown)
such as a semiconductor or a display substrate is seated. The
substrate support unit 150 may be supported by a support
(not shown) capable of up and down and rotational move-
ment. Further, the substrate support unit 150 may be a
conductor and may be used as an electrode for generating
plasma (i.e., an opposite electrode of a gas supply electrode).

The exhaust unit 120 may be located between the pro-
cessing unit 110 and a support portion TLD. The exhaust
unit 120 may extend to surround the reaction space 51. Gas
in the reaction space 51 may be exhausted to an exhaust port
13 through the exhaust unit 120.

In an embodiment, the exhaust unit 120 may serve as a
second lid that defines a side surface of the reaction space
51. The second lid including the exhaust unit 120 may
include the exhaust space 55 connected to the reaction space
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51. Therefore, the exhaust unit 120 may provide the exhaust
space 55. Further, the exhaust unit 120 may provide a space
in which the processing unit 110 is received. When the
processing unit 110 is received in the space, the processing
unit 110 may be in contact with the exhaust unit 120.

The exhaust unit 120 may include a partition wall W
between the reaction space 51 and the exhaust space 55. A
first surface (e.g., an outer surface) of the partition wall W
may define the reaction space 51 and a second surface of the
partition wall W (i.e., an inner surface as a surface facing the
first surface) may define the exhaust space 55. For example,
the reaction space 51 may be defined by the first surface of
the partition wall W, an upper surface of the substrate
support unit 150, and a lower surface of the processing unit
110 which is the first lid. In other words, a side of the
reaction space 51 may be defined by the partition wall W of
the exhaust unit 120.

The exhaust unit 120 may provide a portion of a space for
the object to be processed. For example, when the substrate
processing apparatus performs a deposition function, the
reaction space 51 for deposition may be defined by the
exhaust unit 120. Further, the exhaust space 55 may be
defined inside the exhaust unit 120. The reaction space 51
may be connected to the exhaust port 13 through the exhaust
space 55 of the exhaust unit 120. In more detail, gas in the
reaction space 51 may be exhausted to the exhaust port 13
through a gap E, the exhaust space 55, and the opening OP.

In an example, the exhaust unit 120 may include a
connecting wall C and the outer wall O extending from the
partition wall W. The outer wall O of the exhaust unit 120
is disposed in parallel with the partition wall W and may
contact the support portion TLD. The opening OP may be
formed in the outer wall O, and the exhaust unit 120 and the
exhaust port 13 may be connected to each other through the
opening OP. The connecting wall C of the exhaust unit 120
may extend to connect the partition wall W to the outer wall
O. The connecting wall C may provide a contact surface
with the processing unit 110. The processing unit 110, which
is the first lid, and the exhaust unit 120, which is the second
lid, may be in contact with each other by the contact surface.

The support portion TLD may contact the exhaust unit
120 to support the processing unit 110 and the exhaust unit
120. The support portion TLD may be supported by the
partition 100. As described above, the support portion TLD
may serve as a top lid which is supported by the partition 100
to cover an outer chamber while supporting the processing
unit 110 as the first lid and the exhaust unit 120 as the second
lid.

The support portion TLD may be located between the
partition 100 and the exhaust port 13. The support portion
TLD may include a path P connecting the exhaust port 13 to
the exhaust line 18 of the partition 100. In an embodiment,
a cross-sectional area of the path P and a cross-sectional area
of the exhaust line 18 may be substantially the same. For
example, when the path P and the exhaust line 18 are formed
in a circular shape, a diameter of the path P may be the same
as that of the exhaust line 18. In additional embodiments, a
sealing member (not shown) may be disposed between the
support portion TLD and the partition. The sealing member
may extend along a circumference of the path P or the
exhaust line 18, thereby preventing leakage of gas exhaust-
ing from the path P to the exhaust line 18.

The support portion TLD may be located between the
partition 100 and a lid (e.g., the second lid including the
exhaust unit 120). A gas flow control ring FCR may be on
the support portion TLD. Further, the gas flow control ring
FCR may be located between the support portion TLD and
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the substrate support unit 150. The gas flow control ring
FCR may be slidably on the support portion TLD. The gas
flow control ring FCR may be apart from the substrate
support unit 150 to form a gap G and a pressure balance
between the reaction space 51 and an inner space of the outer
chamber may be controlled by adjusting the gap G.

The partition wall W may provide a gap E connecting the
reaction space 51 to the exhaust space 55. For example, the
gap E may be formed between the exhaust unit 120 and the
gas flow control ring FCR. The gap E may be a channel
between the reaction space 51 and the exhaust space 55.
Therefore, the reaction space 51 and the exhaust space 55
may communicate with each other through the channel.

The exhaust port 13 may include a channel extending in
a first direction towards the exhaust unit 120 and a second
direction different from the first direction. In an example
embodiment, the exhaust port 13 may have an L.-shaped or
L-like shaped channel formed therein, so that gas in the
exhaust space 55 may flow laterally towards the exhaust port
13 and may be exhausted downward. In another example,
the gas in the exhaust space 55 may flow laterally and may
be exhausted upward. The gas exhausted through the
exhaust port 13 may be transmitted to an exhaust pump (not
shown) through the exhaust line 18, and the gas may be
exhausted to the outside by the exhaust pump (not shown).

FIGS. 3 to 5 are views of a substrate processing apparatus
according to embodiments of the inventive concept. In more
detail, FIG. 3 shows a portion (e.g., exhaust lines 18 and 28,
a connection port CP, an external path EC connected to an
external pump, etc.) of the substrate processing apparatus
excluding a lid (i.e., a processing unit and an exhaust unit)
and an exhaust port. FIG. 4 is a view of FIG. 3 viewed from
a first direction, and FIG. 5 is a view of FIG. 3 viewed from
a second direction. The substrate processing apparatus
according to the embodiments may be a variation of the
substrate processing apparatus according to the above-de-
scribed embodiments. Hereinafter, repeated descriptions of
the embodiments will not be given herein.

Referring to FIGS. 3 to 5, exhaust lines 18 and 28 are
formed in the partition 100. The exhaust lines 18 and 28 are
connected to the external path EC through the connection
port CP and the external path EC is connected to a main
exhaust path 211. Therefore, gas in a reaction space is
exhausted to an exhaust pump EP via exhaust ports 13 and
23, the exhaust lines 18 and 28, the external path EC, and the
main exhaust path 211. Although not shown in the drawings,
each of the exhaust ports 13 and 23 is provided with a flow
controller according to embodiments of the inventive con-
cept.

As shown in FIG. 4, two reactors R1a and R15 in a first
direction use internal exhaust lines 184 and 185, and the
remaining two reactors in a direction opposite to the first
direction use other internal exhaust lines 28a and 285. The
two inner exhaust lines 18 and 28 are connected to external
paths EC and EC' through connection ports CP and CP',
respectively. The external paths EC and EC' may be imple-
mented in one configuration or in a plurality of configura-
tions.

As aresult, it can be seen that the four reactors use at least
one of external paths EC and EC', the main exhaust path 211,
and the exhaust pump EP. An isolation valve 210 may be
added to the main exhaust path 211. Therefore, the exhaust
pump EP may be protected from the outside atmosphere by
the isolation valve 210 during a maintenance period. Further,
a pressure control valve (e.g., a throttle valve) may be added
to the main exhaust path 211. The external path EC may be
fixed so as not to move in close contact with a lower surface
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of the partition 100 of an outer chamber. In an alternative
embodiment, the two inner exhaust lines 18 and 28 may be
connected to each other within a bottom wall of the partition
100 of the outer chamber and directly connected to the main
exhaust path 211, without the external path EC.

Referring again to FIG. 3, the first external path EC
connected to the first connection port CP may extend below
the partition 100 towards a first corner portion C1 of the
outer chamber. In addition, the second external path EC'
connected to the second connection port CP' (not shown)
may extend below the partition 100 towards a second corner
portion C2 of the outer chamber. The exhaust pump EP may
be arranged on one surface of the substrate processing
apparatus, for example, corresponding to the center between
the first corner portion C1 and the second corner portion C2.
The first external path EC may extend from the portion
extending to the first corner portion C1 to the exhaust pump
EP. Also, the second external path EC' may extend from the
portion extending to the second corner portion C2 to the
exhaust pump EP.

FIG. 6 is a view of a substrate processing apparatus
according to embodiments of the inventive concept. The
substrate processing apparatus according to the embodi-
ments may be a variation of the substrate processing appa-
ratus according to the above-described embodiments. Here-
inafter, repeated descriptions of the embodiments will not be
given herein.

The substrate processing apparatus is a multiple reactor
chamber and may include a power generator, a plurality of
matching networks arranged symmetrically with respect to
the power generator, and a plurality of reactors connected to
the plurality of matching networks. Although only two
reactors are shown in FIG. 6, this is only an example, and the
substrate processing apparatus may include three or more
reactors. Hereinafter, a substrate processing apparatus will
be described with reference to FIG. 6 on the premise that the
substrate processing apparatus includes two reactors (i.e.,
the first reactor R1a and the second reactor R15).

Referring to FIG. 6, the substrate processing apparatus
may include the first reactor Rla, the second reactor R1b,
and a power generator PG. In addition, the substrate pro-
cessing apparatus may further include a first matching
network M1 and a second matching network M2.

The first reactor R1a and the second reactor R15 may be
arranged adjacent to each other. Each reactor may include a
substrate support unit 130, the processing unit 110, and the
exhaust unit 120 as described above. Each reactor may
include the reaction space 51 and an exhaust space (not
shown) connected with the reaction space 51, and the
support portion TLD may support at least a portion of the
first reactor R1a and at least a portion of the second reactor
R15. In addition, the substrate support unit 130 may be apart
from the support portion TLD. Hereinafter, a duplicate
description of the reactor will not be given herein.

The first reactor R1a and the second reactor R15 may be
open reactors. Such an open reactor keeps a reaction space
open rather than closed when the reaction space is formed
between the processing unit 110 and the substrate support
unit 130. That is, the open reactor is the opposite of a closed
reactor in which a substrate support unit and a partition wall
contact to form a closed reaction space. As will be described
later below, in the case of an open reactor, since a support
portion (or partition) and a substrate support unit are apart
from each other, capacitive coupling problems between
reactors and the resulting signal interference problems may
occur during a high frequency plasma process.
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The power generator PG may be configured to supply
power to the first reactor R1a and the second reactor R15b.
The power generator PG may be configured to output a
plurality of phase-synchronized powers. For example, the
power generator PG may be configured to supply first power
to the first reactor R1a and to supply second power to the
second reactor R15. The power generator PG may be further
configured to synchronize phases of the first power and the
second power. Thus, the power generated by the power
generator PG may be transmitted to a plurality of reactors in
a phase synchronized manner.

The power generator PG may include a signal generator
SG, a first power generating portion PC1, and a second
power generating portion PC2 for phase-synchronized
power transmission. The signal generator SG may be con-
figured to generate a phase-synchronized signal by receiving
an external power source. The phase-synchronized signal
may include, for example, a first signal and a second signal.
The signal generator SG may be connected to the first power
generating portion PC1 and the second power generating
portion PC2. The signal generator SG may also include a
splitter configured to generate a plurality of RF signals from
a single signal and a comparator configured to compare
phases of the plurality of RF signals. A more detailed
description of the splitter and the comparator will be
described later with reference to FIG. 7.

A phase-synchronized signal output by the signal genera-
tor SG may be transmitted to the first power generating
portion PC1 and the second power generating portion PC2.
The first power generating portion PC1 may be configured
to generate first power based on a phase-synchronized first
signal. The second power generating portion PC2 may be
configured to generate second power based on a phase-
synchronized second signal. As described above, since the
first signal and the second signal have an identical phase, the
first power and the second power generated by the first
power generating portion PC1 and the second power gen-
erating portion PC2 may also have an identical phase.

The first power generating portion PC1 and the second
power generating portion PC2 may be arranged symmetri-
cally with respect to the signal generator SG such that the
first power and the second power of the same phase may be
supplied. Further, a first power transmission line TL1 con-
necting the signal generator SG to the first power generating
portion PC1, and a second power transmission line TL2
connecting the signal generator SG to the second power
generating portion PC2 may be formed to have the same
length (and the same impedance) as each other. Therefore,
phase-synchronized signals (i.e., the first signal and the
second signal) output from the signal generator SG may be
transmitted to the first power generating portion PC1 and the
second power generating portion PC2, through the first
power transmission line TL1 and the second power trans-
mission line TL2 respectively, while maintaining the same
phase with each other without phase shift.

The first power generating portion PC1 may include at
least one amplifier configured to amplify the first signal
output from the signal generator SG to output an amplified
signal. The amplified signal amplified by the amplifier of the
first power generating portion PC1 may have a first power
value. First power generated by the first power generating
portion PC1 described above may correspond to the ampli-
fied signal having the first power value.

Similarly, the second power generating portion PC2 may
include at least one amplifier configured to amplify the
second signal output from the signal generator SG to output
an amplified signal. The amplified signal amplified by the
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amplifier of the second power generating portion PC2 may
have a second power value. Second power generated by the
second power generating portion PC2 described above may
correspond to the amplified signal having the second power
value.

A phase of an amplified signal output from the at least one
amplifier (i.e., an amplifier of the first power generating
portion PC1 and/or an amplifier of the second power gen-
erating portion PC2) may be compared with a phase of a
signal output from the signal generator SG. The phase of the
amplified signal may be adjusted based on this comparison
operation. For example, when the phase of the amplified
signal is slower than the phase of the signal output from the
signal generator SG, the phase of the amplified signal may
be adjusted to be faster. On the contrary, when the phase of
the amplified signal is faster than the phase of the signal
output from the signal generator SG, the phase of the
amplified signal may be adjusted to be slow.

In an alternative embodiment, the first power generating
portion PC1 or the second power generating portion PC2 (or
both) may include a plurality of amplifiers. For example, the
plurality of amplifiers may be configured to amplify signals
of different bands. As a specific example, the first power
generating portion PC1 and/or the second power generating
portion PC2 may include a first amplifier configured to
amplify a signal output from the signal generator SG and
output a first amplified signal and a second amplifier con-
figured to amplify a signal output from the signal generator
SG and output a second amplified signal. In addition, the
first power generating portion PC1 and/or the second power
generating portion PC2 may further include a combiner
configured to combine the first amplified signal and the
second amplified signal to generate an output signal. The
output signal may correspond to the aforementioned first
power and/or second power. Specific configurations related
to the first amplifier, the second amplifier, and the combiner
will be described in detail later with reference to FIG. 8.

The first matching network M1 may be configured to
match power impedance of the power generator PG and
plasma impedance of the first reactor R1a for power trans-
mission optimization. For example, the first matching net-
work M1 may include at least one first variable capacitor for
matching real portions and imaginary portions of the power
impedance and the plasma impedance of the first reactor
Rla. An output signal (i.e., first power) output from the first
power generating portion PC1 may be transmitted to the first
matching network M1 through a first power supply line SL1.
The first power transmitted to the first matching network M1
may be transmitted to a first RF rod RR1 of the first reactor
Rla.

The second matching network M2 may be configured to
match power impedance of the power generator PG and
plasma impedance of the second reactor R2a for power
transmission optimization. For example, the second match-
ing network M2 may include at least one second variable
capacitor for matching real portions and imaginary portions
of the power impedance and the plasma impedance of the
second reactor R15. An output signal (i.e., second power)
output from the second power generating portion PC2 may
be transmitted to the second matching network M2 through
a second power supply line SL.2. The second power trans-
mitted to the second matching network M2 may be trans-
mitted to a second RF rod RR2 of the second reactor R15.

The first matching network M1 and the second matching
network M2 may be arranged symmetrically with respect to
the power generator PG such that first power and the second
power of an identical phase may be supplied. Furthermore,
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the first power supply line SL.1 connecting the power
generator PG and the first matching network M1 and the
second power supply line SL.2 connecting the power gen-
erator PG and the second matching network M2 may be
formed to have the same length (and the same impedance)
as each other. Therefore, the first power and the second
power that are phase synchronized output from the power
generator PG may be transmitted to the first matching
network M1 and second matching network M2, through the
first power supply line SL.1 and the second power supply line
SL.2 respectively, while maintaining the same phase with
each other without phase shift.

According to embodiments of the inventive concept, as
described above, since power supplied to a plurality of
reactors is phase-synchronized, frequency interference that
may occur between the reactors and thus a matching error
may be prevented. Thus, a stable plasma process may be
achieved.

Open reactors require a stable plasma process. In an open
reactor in which multiple reactors share one support portion
TLD, the support portion TLD may be capacitively coupled
with at least one of a first processing unit 110« and a first
substrate support unit 130a. For example, a first exhaust unit
120a, which is an insulator, may be disposed between the
first processing unit 110a and the support portion TLD, so
that a high-frequency plasma signal transmitted to the first
processing unit 110a may be transmitted to the support
portion TLD through the exhaust unit 120a. In addition, the
first substrate support unit 130q and the support portion TLD
may be apart from each other or a first flow control ring (not
shown) may be therebetween, and thus, a high frequency
plasma signal transmitted from the first processing unit 110a
to the first substrate support unit 130a may be transmitted to
the support portion TLD through the space and/or the first
flow control ring. The high frequency plasma signal trans-
mitted to the support portion TLD is transmitted to the
second reactor R16 and may cause RF interference.

Similarly, the support portion TLD may be capacitively
coupled with at least one of a second processing unit 1105
and a second substrate support unit 1305. For example, a
second exhaust unit 1205, which is an insulator, may be
between the second processing unit 11056 and the support
portion TLD, so that a high-frequency plasma signal trans-
mitted to the second processing unit 1105 may be transmit-
ted to the support portion TLD through the second exhaust
unit 1205. In addition, the second substrate support unit
1304 and the support portion TLD may be apart from each
other or a second flow control ring (not shown) may be
therebetween, and thus, a high frequency plasma signal
transmitted from the second processing unit 1105 to the
second substrate support unit 1305 may be transmitted to the
support portion TLD through the space and/or the second
flow control ring. The high frequency plasma signal trans-
mitted to the support portion TLD is transmitted to the first
reactor R1a and may cause RF interference.

In a high temperature process using a high temperature of
300 degrees Celsius or more, since the stress due to a
temperature change of a substrate support unit increases
significantly, the substrate support unit needs to include a
ceramic heater whose surface material is an insulator. On the
other hand, since the volume of the substrate support unit
changes during the high temperature process, it is necessary
to introduce an open reactor in which a substrate support unit
and a support portion (or partition) are spaced apart from
each other.

When a high frequency plasma process of 60 MHz or
more is used in such a high temperature process, signal
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interference problems are caused by capacitive coupling
between components of a substrate processing apparatus.
That is, in a high temperature process, an open reactor is
introduced and thus a support portion is spaced apart from
a processing unit and/or a substrate support unit. A general
electrical signal is not transmitted through such a space, but
in the case of a high frequency electrical signal, capacitive
coupling may be formed in the space and thus signal
transmission may occur.

According to embodiments of the inventive concept,
under at least one of the above-described high temperature
process, the high frequency plasma process, the process in
which an open reactor is introduced, and/or the process
employing a ceramic heating block, signal interference (e.g.,
RF interference) that may occur between reactors may be
removed.

FIG. 7 is a detailed view of the signal generator SG of the
power generator PG of a substrate processing apparatus
according to the embodiments of FIG. 6. Hereinafter,
repeated descriptions of the embodiments will not be given
herein.

Referring to FIG. 7, the signal generator SG may include
a single signal generator SC, a splitter SP, a first sensor SE1,
a second sensor SE2, and a comparator CP.

The single signal generator SC may be configured to
generate a single signal based on a power source applied
from the outside. For example, the single signal may be a
high frequency signal (e.g., an RF signal) having a fre-
quency of 60 MHz or more.

The splitter SP may be configured to divide a single signal
into a plurality of signals. For example, the splitter SP may
be configured to generate a first RF signal RF1 and a second
RF signal RF2 from a single RF signal. In a further embodi-
ment, the splitter SP may be configured to adjust phases of
the first RF signal RF1 and the second RF signal RF2. For
example, the splitter SP may receive a comparison signal
from the comparator CP and adjust phases of the first RF
signal RF1 and/or the second RF signal RF2 based on the
comparison signal.

The comparator CP may be configured to compare the
phase of the first RF signal RF1 with the phase of the second
RF signal RF2. For example, the first sensor SE1 and the
second sensor SE2 may be connected to an output terminal
of the splitter SP. The phase of the first RF signal RF1 and
the phase of the second RF signal RF2 may be detected by
the first sensor SE1 and the second sensor SE2. The com-
parator CP may receive and compare the phases of the first
RF signal RF1 and the second RF signal RF2 thus detected,
and output a comparison signal indicating a comparison
result to the splitter SP.

Although the splitter SP, the comparator CP, the first
sensor SE1, and the second sensor SE2 are illustrated as
separate components in FIG. 7, they may be implemented as
integrated components. For example, a comparison function
of the comparator CP may be implemented in the splitter SP.
In this case, the splitter SP may perform the comparison
function based on phase information detected by the first
sensor SE1 and the second sensor SE2, and the phase of at
least one of the first RF signal RF1 and the second RF signal
RF2 may be adjusted based on a comparison result. In
another example, the first sensor SE1 and the second sensor
SE2 may be integrated in the comparator CP.

FIG. 8 is a detailed view of the power generating portion
PC1 or PC2 of a power generator of a substrate processing
apparatus of FIG. 6. Hereinafter, repeated descriptions of the
embodiments will not be given herein.
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Referring to FIG. 8, the first power generating portion
PC1 (or the second power generating portion PC2, herein-
after, the first power generating portion PC1 will be
described) connected to the signal generator SG may include
a first amplifier AMP1, a second amplifier AMP2, a com-
biner CB, and a controller CON.

The first amplifier AMP1 may be configured to amplify a
signal (i.e., the first RF signal RF1) output from the signal
generator SG and output a first amplified signal Al. The
second amplifier AMP2 may be configured to amplify the
signal (i.e., the first RF signal RF1) output from the signal
generator SG and output a second amplified signal A2. In
some embodiments, the first amplifier AMP1 and the second
amplifier AMP2 may be configured to amplify different
bands of the first RF signal RF1.

The combiner CB may be configured to combine the first
amplified signal A1 and the second amplified signal A2 to
generate an output signal OP. In an example, the combiner
CB may be configured to change a phase of at least one of
the first amplified signal A1, the second amplified signal A2,
and the output signal OP. A phase adjustment function of the
combiner CB may be performed based on a comparison
result received from the controller CON.

In more detail, in an example, the controller CON may
compare the phase of the first RF signal RF1 from the signal
generator SG with a phase of the output signal OP from the
combiner CB. Although not shown in FIG. 8, a sensor may
be connected to the output terminal of the signal generator
SG for detecting the phase of the first RF signal RF1. In
addition, the sensor may be connected to the output terminal
of the combiner CB to detect the phase of the output signal
OP. Output terminals of the sensors may be connected to the
controller CON. A function of such a sensor may be imple-
mented in the controller CON, and FIG. 8 illustrates a state
in which a sensor is implemented in the controller CON.

The combiner CB may be configured to receive a com-
parison result from the controller CON and change a phase
of at least one of the first amplified signal Al and the second
amplified signal A2. In an alternative embodiment, the
combiner CB may be configured to receive a comparison
result from the controller CON and change the phase of the
output signal OP. For example, the controller CON may
output a phase adjustment signal PM as a comparison result,
and the combiner CB may perform a phase adjustment
function in response to the phase adjustment signal PM.

In some embodiments, gains of the first amplifier AMP1
and the second amplifier AMP2 may be adjusted. In more
detail, the controller CON may be configured to compare the
output signal OP with a target power value and transmit a
gain comparison result GC to the first amplifier AMP1 and
the second amplifier AMP2. The first amplifier AMP1 and
the second amplifier AMP2 may receive a gain comparison
result GC from the controller CON and adjust a gain to
output the first amplified signal A1 and the second amplified
signal A2, respectively.

Although FIG. 8 has been described based on the first
power generating portion PC1, the second power generating
portion PC2 may also include the configuration shown in
FIG. 8. For example, the second power generating portion
PC2 may include a third amplifier AMP3 configured to
amplify a second signal (e.g., the second RF signal RF2)
from a signal generator SG and output a third amplified
signal A3, a fourth amplifier AMP4 configured to amplify
the second signal and output a fourth amplified signal A4,
and a second combiner CB2 configured to combine the third
amplified signal A3 and the fourth amplified signal A4 to
generate a second output signal OP2.
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FIGS. 9 and 10 are views of a substrate processing
apparatus according to embodiments of the inventive con-
cept. The substrate processing apparatus according to the
embodiments may be a variation of the substrate processing
apparatus according to the above-described embodiments.
Hereinafter, repeated descriptions of the embodiments will
not be given herein.

Referring to FIG. 9, an upper surface of a multiple reactor
chamber is shown. A plurality of reactors R are arranged in
the chamber and one side of each reactor R is connected to
an exhaust port 13. It can be seen from FIG. 10 that each
reactor R is connected to each exhaust port 13.

FIG. 10 is a cross-sectional view of the multiple reactor
chamber taken along line X-X' of FIG. 9. A reaction space
of the reactor R may be defined as a space surrounded by the
exhaust unit 120 functioning as a lid and having an exhaust
duct, the support portion TLD therebelow, the gas flow
control ring FCR on the support portion TLD, the processing
unit 110 on an inner space surrounded by the exhaust unit
120, and the substrate support unit 130 arranged to face the
processing unit 110. The substrate support unit 130 may
include a heating device (e.g., an insulating heating block,
such as a ceramic heating block).

The substrate support unit 130 and the support portion
TLD may be apart from each other to form a gap. The gas
flow control ring FCR may be disposed between the sub-
strate support unit 130 and the support portion TLD. In
addition, the exhaust unit 120 may be disposed between the
processing unit 110 and the support portion TLD. The gas
flow control ring FCR and the exhaust unit 120 may include
an insulating material. Thus, capacitive coupling may be
formed between the substrate support unit 130 and the
support portion TLD and between the processing unit 110
and the support portion TLD.

In a high temperature process and in a high frequency
plasma process of 60 MHz or more, such capacitive cou-
pling may cause signal interference problems. However, a
substrate processing apparatus according to embodiments of
the inventive concept allows power to be supplied to a
plurality of reactors in a phase-synchronized manner, instead
of installing a separate power generator for each reactor to
supply individual power. For example, by generating a
plurality of phase-synchronized powers in one integrated
power generator and configuring them to be supplied to each
of the plurality of reactors in a phase-synchronized manner,
the aforementioned signal interference problems may be
avoided.

FIG. 11 A illustrates a case where RF power is supplied to
only one of four reactors in a substrate processing apparatus
in which a separate power generator is installed for each
reactor to supply individual power. As shown in FIG. 11A,
the substrate processing apparatus exhibits a flat state in
which no interference noise is present in a peak-to-peak
voltage (Vpp) during a plasma process.

FIG. 11B illustrates a case where RF power is supplied to
three of the four reactors in the substrate processing appa-
ratus in which a separate power generator is installed for
each reactor to supply individual power. As shown in FIG.
11B, it can be seen that the Vpp is not stabilized and
interference noise occurs due to RF interference during the
process. That is, RF forward power in one reactor is incor-
rectly measured as RF reflect power of the corresponding
reactor in a matching network of another adjacent reactor,
resulting in Vpp noise while attempting matching accord-
ingly.

As described above, due to the RF interference generated
when the RF power is supplied to each of the plurality of
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reactors, the reproducibility of a plasma process between the
reactors is reduced. This phenomenon occurs especially in
an open reactor in which there is no reactor wall and it is
difficult for RF power to flow sequentially from an electrode
(e.g., a shower head) to a substrate support portion (e.g., a
heater), and to a ground electrode.

FIG. 12 is a view illustrating power leakage occurring in
such an open reactor. Referring to FIG. 12, a gas control ring
6 and a heating block 4 are apart from each other. Therefore,
some RF power applied through an upper electrode 3 may
leak into an adjacent reactor through an exhaust duct 5 or a
top lid 8 supporting a shower head 3, instead of passing
through a lower electrode 4 to a ground electrode (see
arrows). In particular, when high voltage RF power is
applied, RF power leakage may occur due to the exhaust
duct 5 which is an insulator. This also affects a matching
network of the adjacent reactor, which degrades the stability
of Vpp and plasma process reproducibility.

FIG. 13 is a view of a substrate processing apparatus
according to embodiments of the inventive concept, the
substrate processing apparatus including one RF power
generator, a plurality of reactors, and matching networks
corresponding thereto. For example, as illustrated in FIG.
13, when four reactors are implemented in the substrate
processing apparatus, the substrate processing apparatus
may include four matching networks corresponding to the
four reactors and one RF power generator connected to the
four matching networks. That is, RF power is supplied to
each reactor from one RF power generator at the same time.
It should be noted that this configuration is distinct from an
RF power generator that supplies RF power independently
and individually to each reactor or an RF power generator
connected to each reactor.

FIG. 14 schematically shows FIG. 13. Referring to FIGS.
13 and 14, the RF power generator includes a function of
synchronizing an RF frequency phase. The phase synchro-
nizing functions to equalize phases of RF power frequencies
transmitted from the RF power generator to each reactor so
as to remove phase differences and to remove interference
noises caused by phase differences in the RF power fre-
quencies.

FIG. 15 is a view illustrating whether interference noise
(Vpp noise) occurs when RF power is transmitted to each
reactor by using an existing RF power supply device or by
using an RF power supply device according to embodiments
of the inventive concept.

FIG. 15A illustrates a case where an existing RF power
supply device is applied and RF power is independently
supplied to each reactor. As shown in FIG. 15A, phases of
RF frequencies supplied by each RF power generator do not
match, and an inter-reactor RF interference noise (Vpp
noise) occurs. Therefore, the RF power supplied to one
reactor affects matching of a matching network of another
adjacent reactor, thereby impairing process stability and
reproducibility in the reactor.

FIG. 15B illustrates a case where an RF power generator
according to an embodiment is applied (see FIG. 14). In this
embodiment, the RF power generator implements RF fre-
quency phase synchronizing and supplies RF power to each
reactor from one shared RF power generator. As can be seen
from the above embodiment, no RF interference occurs
during a process and the RF interference noise disappears.

FIG. 16 is a view of a schematic structure of an RF power
supply device of FIG. 14. Referring to FIG. 16, an RF power
generator includes an RF signal generator and a power
amplifier. The RF signal generator receives an external
power source to generate an RF signal and synchronizes a
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frequency phase of the generated RF signal. The power
amplifier converts the RF signal received from the RF signal
generator into RF power. RF power with an identical phase
is transmitted to each reactor via each matching network. In
order to remove Vpp noise, while synchronizing the RF
signal frequency function introduced in the disclosure, the
lengths of RF power transmission cables connecting the RF
signal generator, the power amplifier, and the matching
network need to be the same.

To this end, as shown in FIG. 16, the lengths of the RF
power transmission cables connecting the RF signal genera-
tor and each power amplifier are configured to be the same
(a=b=c=d). In addition, the lengths of RF cables connecting
each power amplifier and each matching network are also
configured to be the same (a'=b'=c'=d"). To this end, power
amplifiers within the RF power generator may be symmetri-
cally arranged around the RF signal generator. In addition,
each reactor and matching networks arranged therein may be
symmetrically arranged around the RF power generator.

FIG. 17 is a view illustrating a state in which an RF power
supply device according to embodiments of the inventive
concept is arranged in a substrate processing apparatus
including a plurality of reactors.

In FIG. 17, matching networks arranged in respective
reactors are arranged symmetrically with respect to an RF
power generator RFG, and the lengths of RF power trans-
mission cables connecting the RF power generator and the
matching networks are all the same (a'=b'=c'=d"). This,
together with RF frequency phase synchronizing of the RF
power generator, contributes to removing RF interference
noise (Vpp noise). FIG. 17 illustrates four reactors, but the
disclosure is not limited thereto. For example, when the RF
power supply device includes a plurality of reactors such as
three, five, or six, a matching network corresponding to each
reactor, and an RF power generator, the matching networks
and the reactors may be placed symmetrically equidistantly
to the RF power generator to remove RF interference
between the reactors.

FIG. 18 is a graph comparing RF forward power, RF
reflect power, and corresponding interference noise (Vpp
noise) generated during a plasma process using a conven-
tional RF power supply device and an RF power supply
device according to embodiments of the inventive concept.

FIG. 18 A shows RF forward power, RF reflect power, and
RF Interference noise (Vpp noise) when RF power is
supplied to each reactor according to the conventional RF
power supply device. FIG. 18A shows evaluation graphs for
one reactor representatively of four reactors. Referring to
FIG. 18A, since RF power frequencies applied to other
adjacent reactors affect a matching network to be evaluated,
it can be seen that matching is unstable, the RF reflect power
is generated, and RF interference noise resulting in the Vpp
noise is occurred.

FIG. 18B shows RF forward power, RF reflect power, and
RF Interference noise (Vpp noise) when RF power is
supplied to each reactor according to a power supply device
according to embodiments of the inventive concept. FIG.
18B shows evaluation graphs for one reactor representa-
tively of four reactors. Referring to FIG. 18B, since RF
power frequencies applied to other adjacent reactors do not
affect a matching network to be evaluated, it can be seen that
waveforms of the graphs are stabilized without generating
RF reflect power and generating noise in the Vpp.

It is to be understood that the shape of each portion of the
accompanying drawings is illustrative for a clear under-
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standing of the disclosure. It should be noted that the
portions may be modified into various shapes other than the
shapes shown.

It should be understood that embodiments described
herein should be considered in a descriptive sense only and
not for purposes of limitation. Descriptions of features or
aspects within each embodiment should typically be con-
sidered as available for other similar features or aspects in
other embodiments. While one or more embodiments have
been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the disclosure as
defined by the following claims.

What is claimed is:

1. A substrate processing apparatus comprising:

a first reactor comprising a first power electrode and a first
ground electrode;

a second reactor adjacent to the first reactor, the second
reactor comprising a second power electrode and a
second ground electrode;

a power generator configured to supply first power to the
first power electrode and supply second power to the
second power electrode; and

a controller,

wherein the power generator is further configured to
synchronize phases of the first power and the second
power and wherein the power generator comprises:

a signal generator configured to generate a first signal
and a second signal that are phase-synchronized;

a first power generating portion configured to generate
the first power based on the first signal; and

a second power generating portion configured to gen-
erate the second power based on the second signal,

wherein the signal generator comprises a first sensor, a
second sensor, a comparator, and a splitter config-
ured to generate a first RF signal and a second RF
signal from a single RF signal,

wherein the first sensor detects a phase of the first RF
signal,

wherein the second sensor detects a phase of the second
RF signal,

wherein the comparator is configured to receive a
signal from the first sensor, receive a signal from the
second sensor, and to compare the signal from the
first sensor and the signal from the second sensor and
output a comparison signal,

wherein the splitter is further configured to adjust the
phase of at least one of the first RF signal directed to
the first power generating portion and the second RF
signal directed to the second power generating por-
tion based on the comparison signal, such that the
first RF signal directed to the first power generating
portion and the second RF signal directed to the
second power generating portion are phase synchro-
nized to form the first signal and the second signal,

wherein the first ground electrode and the second ground

electrode are coupled to ground,
wherein at least one of the first power generating portion
and the second power generating portion comprises:
a first amplifier configured to amplify a signal output
from the signal generator and output a first amplified
signal;

a second amplifier configured to amplify a signal output
from the signal generator and output a second ampli-
fied signal; and
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a combiner configured to combine the first amplified
signal and the second amplified signal to generate an
output signal,

wherein the controller is configured to compare a phase of
the signal output from the signal generator with a phase
of the output signal and transmit a comparison result to
the combiner, and

wherein the controller is configured to perform the func-
tions of the first sensor and the second sensor.

2. The substrate processing apparatus of claim 1,

wherein the first power generating portion and the second
power generating portion are arranged symmetrically
with respect to the signal generator.

3. The substrate processing apparatus of claim 1, further

comprising:

a first power transmission line connecting the signal
generator to the first power generating portion; and

a second power transmission line connecting the signal
generator to the second power generating portion,

wherein a length of the first power transmission line and

a length of the second power transmission line are the

same.

4. The substrate processing apparatus of claim 1,

wherein a phase of the signal output from the signal
generator is compared with a phase of the first ampli-
fied signal, and the phase of the first amplified signal is
adjusted according to a comparison result.

5. The substrate processing apparatus of claim 1,

wherein the combiner is configured to receive the com-
parison result from the controller to change a phase of
at least one of the first amplified signal and the second
amplified signal based on the comparison result.

6. The substrate processing apparatus of claim 1,

wherein the combiner is configured to receive the com-
parison result from the controller to change the phase of
the output signal based on the comparison result.

7. The substrate processing apparatus of claim 1,

wherein the controller is further configured to compare
the output signal with a target power value and transmit

a comparison result to at least one of the first amplifier

and the second amplifier.

8. The substrate processing apparatus of claim 7,

wherein at least one of the first amplifier and the second
amplifier is further configured to receive the compari-
son result from the controller and adjust a gain.

9. The substrate processing apparatus of claim 1, further

comprising:

a first matching network connected between the power
generator and the first reactor; and

a second matching network connected between the power
generator and the second reactor,

wherein the first matching network and the second match-
ing network are arranged symmetrically with respect to
the power generator.

10. The substrate processing apparatus of claim 9, further

comprising:

a first power supply line connecting the power generator
to the first matching network; and

a second power supply line connecting the power gen-
erator to the second matching network,

wherein a length of the first power supply line and a
length of the second power supply line are the same.

11. The substrate processing apparatus of claim 1,

wherein the first reactor comprises a first processing unit
and a first substrate support unit,
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the second reactor comprises a second processing unit and
a second substrate support unit, and

the substrate processing apparatus further comprises a
support portion configured to support at least a portion
of the first reactor and at least a portion of the second
reactor,

wherein the support portion is capacitively coupled with
at least one of the first processing unit and the first
substrate support unit, and

is capacitively coupled with at least one of the second
processing unit and the second substrate support unit.

12. The substrate processing apparatus of claim 11,

wherein at least one or both of the first substrate support
unit and the second substrate support unit comprise an
insulating heating block.

13. The substrate processing apparatus of claim 1, further
comprising a third sensor to detect a phase of the first output
signal, wherein an output of the third sensor is coupled to the
controller.

14. A substrate processing apparatus comprising:

a signal generator comprising a single signal generator
configured to output a single signal, the signal genera-
tor comprising:

a splitter configured to generate a first signal and a
second signal from the single signal;

a first sensor to receive the first signal;

a second sensor to receive the second signal; and

a comparator configured to compare a signal from the
first sensor and a signal from the second sensor;

a first amplifier configured to amplify the first signal and
output a first amplified signal;

a second amplifier configured to amplify the first signal
and output a second amplified signal;

a first combiner configured to combine the first amplified
signal and the second amplified signal to generate a first
output signal;

a third amplifier configured to amplify the second signal
and output a third amplified signal;

a fourth amplifier configured to amplify the second signal
and output a fourth amplified signal;

a second combiner configured to combine the third ampli-
fied signal and the fourth amplified signal to generate a
second output signal;

a first matching network configured to receive the first
output signal;

a second matching network configured to receive the
second output signal; and

a controller configured to compare a phase of the first
signal with a phase of the first output signal, transmit a
comparison result to the first combiner, and perform the
functions of the first sensor and the second sensor,

wherein the first sensor detects a phase of the first signal,

wherein the second sensor detects a phase of the second
signal, and

wherein the splitter is further configured to adjust the
phase of at least one of the first signal and the second
signal based on the signal from the first sensor and the
signal from the second sensor to thereby phase syn-
chronize the first signal and the second signal.

15. The substrate processing apparatus of claim 14,
wherein the controller is further configured to transmit a
gain comparison result to the first amplifier and the second
amplifier.



